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ABSTRACT

Part one was an updated survey of high performances belt conveyer transport systems which are the main consumers of electrical power in open cast mines. This is a short review of publications treating the main mathematical equations for other processes in the belt conveyer complex system required for the building of information and the electronic system control. The elastic force wave, distribution of forces and other processes are mentioned. Belt slip, belt speed control, tension control and methods for ruling power motor drive in conveyers are discussed. The questions of the decrease of energy losses are studied, too. At the end, some applications of these problems are mentioned.
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INTRODUCTION

Part one presented a brief review of other publications, which treat the fundamental questions of the automation of heavy duty power belt conveyors. With regard to the statistical data analyzed a few basic aspects for the development of electronic ruling and control systems for a complex of high power belt conveyers were developed. In short, they are the following: the automation of a technological complex, which includes the building of computer systems for planning, dispatching and prognostication, systems for monitoring and registering of break-down and warning status, and systems for technological complex management The automation of the equipment, which covers mainly the movement control, the reactive power compensation, the belt quality control, and the power motor drums and gear parameters control..

Tendencies in the functional development of diagnostic systems of belt conveyers. Naturally, the question is too multifarious and must be treated differently for the different constructions, but we can say that the following functions are always present: first, the conveyor belt parameter control - usually the most expensive element of the equipment. The main belt control parameter is the belt speed control and belt slip over the driving drums surface. The method which is widely used relies on the measurement of the rotate speed of the drive drum and the free drum by measuring time between pulses, generated from inductive sensors. The increment of this time over the defined range will switch off the equipment. A major drawback in this method is the great number of false disconnections. Gradually another belt slip and speed control method is gaining importance - measuring the number of pulses for a fixed time. The registered figures are then computerized by a microprocessor system and the turn off signal is generated depending on the type and time registered for the belt slip. One important factor for the development of these belt slip and belt speed control systems, especially for a textile cord belt, is  to register the normally existing belt slip, resulting from the belt elastic deformation, caused by the belt's passing over the drive drum surface (1). The time of disconnection following the turn off signal depends on the pressure of the belt on the drum surface. In order to define this pressure it is important to take into consideration precisely the weight of the load when monitoring the head drive drum slip, because depending on the speed and mass the load can fly out from the conveyor head drum at different points of the drum catch segment, as this is mathematically explained by Tarasov (2). More explicitly the belt deformation when passing over the drums is explained by Cojushco (3), who introduced mathematical equations for determining the forces, the flexural moments and the catch segment length in accordance with the belt tension, belt elasticity, etc.

Dmitriev and Jircevich (4) offer methods for determining the tension at any point on the conveyer belt, when considerably exceeding the thickness of the belt.  The belt cord tensions into the boat cut, where there is the maximal radial gradient of tension, are studied by Belmas and others (5, 6). It is important to consider, the effect of the elastic waves in times of rotating and turning off. During the start and stop processes they are maximal. The reflection waves from the return drums often avert the belt slip and their registering decreases the number of false turn-offs during the start process. Another very important control parameter is the belt position especially for belt conveyers which are not equipped with an automatic positioning device. This is often done with the help of end-position switches. These end-position switches are bit by bit substituted with ultrasonic or optical analog distance sensors for distance measuring. The tension forces parameters control is often conducted by means of measuring the static tension forces status at a point next to the drive drums or the over-return drum, which indicates the maximal cord force at the beginning of the catch segment of the first drive drum (4, 7), (8). Technology progress made implanting of sensors into the belt, and direct measuring of forces, possible and economicly efficient, even in cases when this was not done during the belt production process. Using the vibration and frequency parameters of an elementary part from the moving belt, we can extract enough information for finding the type, place and size of defect on the belt (10).

There are theoretical works for determining the strength of the belt using the vibration charts that already exist (11,12). Therefore the vibration control and vibration diagnostics will become an inseparable part of the high power belt transport automation.

The main parameter affecting the belt conveyors reliability is the state of the rolls. For the time being we can say that there is not a single method for automatic control of the rolls and this activity is performed manually. The problems arise mainly from the difficulty to assemble so many temperature sensors over the moveable rolls. The future development of no-contact temperature control methods will enable the construction of similar systems for rolls control (13). An important part of the belt transport automation is the load quantity control in the dump place. The most widely used in the near past capacity sensors bit by bit are being replaced by ultrasound analog output sensors.

The rest of the parameters, now an undivided part of conveyor belt automation, refer to the measurement of other temperatures of drive motors, gears and drums and measurement of  power switches on/off time, different power loads, current and voltage control, depreciation of clean equipment rube and break lining, fluid level control into transmission, etc. This part of the automation of power belt conveyers follows the main development tendency of automation. Gradually systems of forth and fifth generation appear, thus reducing the number of join cables and increasing the accuracy and number of control points. Optical cable joins bit by bit take the place of cooper cables and radio communication joins domineer long distances. The number of registered data bases increase and they are computerized with different algorithms to make the planning and prognostications (14-17).

Tendencies in the functions development for ruling belt transport systems. The method of ruling of a complex of belt conveyers must come first. The quantity load value is a random value in almost all cases. This necessitated the operation of ruling regime algorithms securing optimal usage of the equipment's capacity. Existing regimes for starting conveyors in a direction reverse to the transport direction, from the dump conveyor to the face conveyor, must be substituted with new regimes for starting in order coinciding with the transport direction. In this way, the unload work till the moment of load arrival is avoided. The realization of this ruling regime requires accurate measuring of the place and quantity of material on the conveyer. 

The new work regimes with belt speed regulation become popular. The use of power drive regulators is required, which for the time being is not always expedient to be introduced and built on the already existing conveyers. The power drive speed regulators for power over 1MW can be conducted by asynchronous thiristor cascade, by machine cascade, by transmission with changeable transmit-coefficient, by hydraulic gear or MOSFET frequency regulator. Because the MOSFET frequency regulator has excellent parameters it gradually establishes itself as the best possible solution, but it has not yet been used for motors with voltage over 3KW. The main defect of the thiristor cascade is the too-simple regulation, whereas machine cascade techniques, transmissions with changeable transmit-coefficient and hydraulic gears, are too expensive because their manufacturing needs a large quantity of metal. In spite of this, the argument goes that the future belongs to conveyers with speed regulation. The algorithm for computing the current speed is a fundamental part of the building of a transport complex with speed regulation. Usually an adaptive system is recommended to provide the optimal filling of the transport-trough. Belt speed decrease below 2 - 3 m/s is not recommended. The changeable belt speed requires too many stricter requirements about the electronic information - ruling systems. The Parameters of the maximal admissibly belt slip and tension force of transport belt are in a direct mathematical connection with the belt speed (3, 18). The random changeable load causes very powerful pulse loads into the drive. Garabitov (19) offers mathematical methods to teach a nerve grid for ruling the drive for getting minimal pulse loads on the belt conveyer drive. Methods for computing the forces of the belt of all kinds of conveyers and different loads are offered from Belmas (8). One simpler approach foroviding optimal load on the  parts of the equipment - drive mechanism is the realization of switch work regime for power drive motors by multi- motor drive (20). Under this regime part of the main motors are turned off in relation to a decrease of material over the belt. The main advantage of the switch regime results from improving the power factor of the equipment, because in unload regime the asynchronous motors consume too much reactive power.

The belt tension force regulation and its saving between optimal values is another important aspect of the automation. The classical method for computing the optimal belt tension force by the Oyler method has an inaccuracy of 17% in comparison with the more precise method developed by Sheyretov (21). The wide-spread position systems secure a bigger belt tension force during the start process, after which it is decreased to some fixed work values and we can say that these systems are imperfect. Because most of the constructions consists of tensing executive mechanisms, in most of the cases the building of automatic ruling system for belt tension force regulation is brought up to the assembling of respective microprocessor controllers and the writing of a respective software. The supporting of minimal tension force on the belt is necessary. But at the same time too much slacking of the belt causes loss of energy due to the belt slack between the rolls (22, 23). Therefore, to support optimal passing tension force the automation tension system must register the momentary specific electrical consumption. Usually the loosing and the tensioning is an inert process due to the big mass of executive mechanisms. The imported transport delay time must be taken into consideration when writing the software program for the automatic regulation of tension. The optimal tension force value depends on mist and dustiness of environment, because the different levels of mist and dustiness have different values of the friction coefficient between belt and drums. The existing elastic waves in the belt make the working of the system difficult and any disregarding of their influence can make the system unsteady. The relation between the elastic wave parameters and tension is studied by Kojushko(2). 

The development of automatic systems for mining rubber belt conveyor transport in Mines Mariza East EAD. A large number of conveyers do not have an electronic computing system. From May, 2003 gradually modernization of conveyers began and until August, 2003 five conveyers were equiped with an electronic computerizing control managing system based on the controllers series E, D and V of ZAT c. s.  Company. The system consists of a main computer for monitoring and dispatching at the rate of one controller per each conveyer. Other parameters of conveyers near to 150 per each one are controlled and the main ruling regimes are realized. Gradual modernization of the system is soon to come, mainly by the realization of more modern managing algorithms. The introduction of a new start regime for starting in order coinciding with the transport direction, implanting various algorithms for regulating the belt tension forces. The various algorithms of switch regime for conveyers with four-motor and three-motor power drive and other software will be realized. All conveyors in the complex will be equipped with electronic control systems. From November, 2002 an improved algorithm for belt slip and speed control functions successfully. It is in short a fast conveyer with a return drive drum implanted, different from the classical constructions. 
The measuring of speed is conducted on the basis of measuring the number of pulses for a fixed time, where the time for generating a stop signal depends both on the passing belt slip value, as well as the kind of slip modification, taking into account the elastic start process wave influence. The implanting of this know-how into the other conveyers in the complex, equipped with electronic control systems lies ahead.
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